This study examines whether there is a temporal relationship between tracheal extubation and myocardial ischaemia in haemodynamically stable patients extubated within 6 h of cardiac surgery. Fifty-two patients were studied during three time periods: 1, from 2 h until 30 min before extubation (90 min); 2, from 30 min before until 30 min after extubation (60 min); 3, from 30 min until 2 h after extubation (90 min). Significant ST segment changes were defined as a reversible ST segment depression of 2 mm or greater or an elevation of 3 mm or greater from baseline, lasting for 1 min or more. Fourteen patients (26.9%) had ST segment changes. The ischaemic burden in periods 2 and 3 was increased compared with that in period 1; the mean (SD) was: period 1, 19.2 (18.8) min; period 2, 35.4 (24.9) min; period 3, 39.6 (24.5) min; however, the mean ST deviation (mm) did not change. ST segment changes were associated with an increased heart rate; they were not related to arterial pressure. We conclude that there is a temporal relationship between ST segment changes and tracheal extubation after cardiac surgery. (Br.
After general surgery, patients at risk of myocardial ischaemia may have ST segment abnormalities during tracheal extubation. 1 Patients are also at risk of myocardial ischaemia after coronary artery surgery, particularly during the first 2 days after operation. 2 The aim of the present observational study is to determine if there is a temporal relationship between ST segment abnormalities and tracheal extubation within 6 h of coronary artery surgery.
Methods and results
After obtaining local Ethics Committee approval and written informed consent, we studied 52 patients undergoing elective coronary artery surgery as a sole procedure. Patients were excluded if they had factors that make ST segment changes difficult to interpret, such as left ventricular hypertrophy or left bundle branch block or if they were receiving digoxin or cardiac pacing. Patients taking cardiac medication continued to do so, including on the morning of surgery. All patients were premedicated with morphine 10 mg i.m. 1 h before operation. Anaesthesia was induced with fentanyl 10-15 g kg 91 supplemented
with isoflurane or propofol. Tracheal intubation was facilitated with pancuronium 0.1-0.15 mg kg 91 and the lungs ventilated with an air-oxygen mixture to maintain normoxia and normocarbia. Cardiopulmonary bypass included an 1800 ml Plasmalyte prime and a membrane oxygenator. Myocardial preservation during the aortic cross clamp was provided by anterograde cold crystalloid or blood cardioplegia, and moderate hypothermia (30-32ЊC) was used. After cardiopulmonary bypass all patients received an infusion of glyceryl trinitrate 0.3-2.0 g kg 91 min 91 and some received low-dose inotropic support (dobutamine or dopamine at less than 3 g kg 91 min . The ST segments of electrocardiograph (ECG) leads V2 and V5 were continuously monitored in each patient, from arrival in the intensive care unit until at least 2 h after tracheal extubation, using the Compass ST segment analyser (Cardiac Care Units, Inc., California, USA). This analyser is a microprocessor-based, solid-state, portable four-lead monitor that stores digitally the automated continuous ECG analysis. After each monitoring session it generates a time-correlated printout reporting ST segment changes. Patients were considered ready for tracheal extubation if they were normothermic, awake, haemodynamically stable, on no or minimal inotropic support and had good gas exchange. Before extubation they were assessed, while intubated and breathing spontaneously on a 'T' piece with an 2 O I F of 0.6 for less than 30 min. The time of extubation was used as the reference time. Three time periods were analysed for ST segment changes. These were: 1, from 2 h until 30 min before extubation (90 min); 2, from 30 min before until 30 min after extubation (60 min); 3,from 30 min until 2 h after extubation (90 min). ST segment changes indicating ischaemia were defined as a reversible ST segment depression of 2 mm or greater or an elevation of 3 mm or greater from baseline lasting for 1 min or more. During the study periods, heart rate, direct arterial pressure and arterial oxygen saturation by pulse oximetry were recorded. Statistical analysis was performed using SPSS for Windows, version 6.0. Patient characteristics were tested using t tests or the chi-square test as appropriate. ST segment data were analysed using paired t tests with Bonferroni correction. Haemodynamic data were analysed using analysis of variance. P:0.05 was considered significant.
ST SEGMENT CHANGES
During the study period, 14 of 52 patients (26.9%) had ST segment changes indicating ischaemia. Patients were then assigned to one of two groups, ischaemic and non-ischaemic. The patient characteristics of the two groups are shown in table 1. There was no difference between the groups in age, sex distribution, duration of bypass or aortic cross clamp, use of an internal mammary graft, use of inotropic support or use of propofol sedation. Weight was higher and time to extubation longer in the ischaemic group. The duration of ischaemia in each time period is shown in table 2, and is presented as the ischaemic burden, that is, as min h 91 in each time period. The duration of ischaemia was significantly increased in periods 2 and 3 compared with period 1. However, the mean ST deviation (mm) showed no variation between the time periods.
HAEMODYNAMIC DATA The mean heart rate was higher in patients who experienced ischaemia, and the difference between the groups was significant after extubation. Mean arterial pressure was not different between the two groups. In all patients arterial oxygen saturation was greater than 94%.
Comment
This is a small observational study of ST segment changes occurring in patients during tracheal extubation with 6 h of coronary artery surgery. We selected this time period because we believe it reflects UK practice in patients who have undergone uncomplicated coronary artery surgery. It was not our intention to compare early and late tracheal extubation. We selected stringent criteria for ST segment change to reduce any effect of artefact.
In patients with coronary artery disease myocardial re-vascularization cannot always be complete; in many patients, it will not eliminate the potential for myocardial ischaemia. Edwards and co-workers demonstrated that not only tracheal intubation but also tracheal extubation is associated with myocardial ischaemia in general surgical patients. Patients extubated immediately after surgery may be haemodynamically unstable, fail to maintain their oxygen saturation or have inadequate analgesia, and all these factors have been implicated in precipitating myocardial ischaemia. The group of patients we observed after coronary artery surgery were well sedated and oxygenated and were haemodynamically stable before we attempted to wean them from positive pressure ventilation and extubate the trachea. We were mindful that ST segment changes in patients after coronary artery surgery are not always the result of myocardial ischaemia. They can occur in patients on digoxin, with ventricular hypertrophy, conduction abnormalities or post surgical pericarditis. To the best of our abilities we excluded such patients from our observations, on the basis of drug history and 12-lead ECG examination, so that the ST segment changes reported were likely to represent true myocardial ischaemia. In addition, we assessed the baseline ST segment before any attempt at weaning from positive pressure ventilation and change from baseline was analysed. This study demonstrates that there is a temporal relationship between tracheal extubation and myocardial ischaemia in patients after coronary artery surgery. Examination of the individual tracings showed that in 13 patients the ischaemic burden was increasing, and in one (patient 3) ST segment changes were resolving. However, the ST segment deviation did not increase.
Although it was not clinically apparent, we demonstrated the recognized association between a higher heart rate and myocardial ischaemia. We did not demonstrate an association between mean arterial pressure and myocardial ischaemia, perhaps because arterial pressure was actively controlled in these patients. In summary there is a temporal association between tracheal extubation and myocardial ischaemia in patients extubated within 6 h of coronary artery surgery. This is associated with a higher heart rate in these patients. 
